The design and implementation of a labview and PID controller developed for the damping of sinusoidally excited forced vibrations of a plate is presented. The plate used in the study is clamped at one side and free at the others aluminum plate with five piezo elements attached. Two of them act as sensors, and three as actuators (one for vibration source, and two for active vibration control). Selected experimental results are used to demonstrate the effectiveness of the proposed platform.
Introduction
In most machines vibration is an unwanted side effect generated during their work. It reduces quality of products, damages the machine and sometimes afflicts health of machine operator [1] . For most of the XX century only passive systems could be used for vibration reduction. But that has changed in last decades. Thanks to IT development we have microprocessors that allow us to use real-time calculations. New materials introduced (PZT, PVDF, elastomagnetic composites) that can act as sensors or actuators both small and effective. This opened the doors to active methods. In 1991 E. Dimitradis, C. Fuller, C. Rogers presented the theory for excitation of two-dimensional thin elastic structures by piezoelectric actuators, followed by experimental excitation of a rectangular plate [2] . In 1995 J.L. van Niekerk et al. introduced control system using H 2 optimal control procedure [3] . Today active methods can be divided to: active noise control (ANC), active vibration control (AVC), active noise-vibration control (ANVC), active structural acoustic control (ASAC) [4, 5] . In most cases the problem does not lie in sensors or actuators, but their placement on the structure [6] [7] [8] [9] [10] and the control system optimization. The following problems arise. Should we use feedback loop, or perhaps feedforward loop [4] ? Is it better to have multi input multi output (MIMO), or perhaps single input single output (SISO) [4] ? These are the things we should consider today.
Description
In this article the problem of active vibration control of a plate using piezoelectric elements and LabVIEW envi- * corresponding author; e-mail: wiciak@uci.agh.edu.pl ronment is presented. For this laboratory stand (Figs. 1 and 2) consisting of an aluminum plate with piezo elements attached, amplifiers, personal computer with Lab-VIEW software and DAQ board is created. Our object of interest is one side clamped aluminum plate with five piezoelectric elements attached. Two of them are used as sensors, and three as actuators (one of them as vibration source, and the other two for active vibration control). Figure 1 shows our laboratory stand. A sinusoidal signal of given plate resonance frequency is used as a vibration source. The frequency range use in research is supposed to be 1-3000 Hz. Due to the high low frequencies damping that is presented from mounting first notable excitation is at about 110 Hz. Therefore the frequency range is changed to 100-3000 Hz. This translates to 12 resonance frequencies.
Locations of piezo elements as well as plate dimensions are shown in Fig. 3 . The locations is determined from literature [4] . The study is divided in two parts. The first one is active vibration control using only one actuator. In this stage few program configurations are tested, to choose the most suitable one. After the initial study the program is expanded with the second PID regulator [11] . That approach would allow different parameters on every channel (if necessary). After the second part, the system is tried out with random signal (Gaussian noise). Unfortunately during the tests the system proved unstable for random signals. After consulting this with NI staff it is been assumed that with current frequency range and standard operating system (like Windows or Linux) it will not work. Two possible solutions would be either bringing frequency below 100 Hz, or changing OS to real--time. For now the most that system could deal with are multi-tonal signals (but that needs verification).
The VI front panel, which allows us to control vibration source parameters, PID parameters (proportional gain K, integral time T i , derivative time T d , output range and setpoint) is shown in Fig. 4 . It is also used for results presentation in form of FFT graphs, time signals from sensors (this allows us to spot errors and anomalies), and numerical values of amplitudes for easier readings. Figure 5 shows simplified block diagram. It is not 100% accurate, but shows general view, and is not difficult to read. 
Results
Chosen experimental results expressed as displacement amplitude are presented in Figs. 6-8. Our goal is to minimize vibration amplitude, therefore the control cost function is taken as:
where x i is the sensor voltage signal, N -is the number of independent sensors used.
For the case with one actuator running, the approach gives us good reduction on sensor 1 (average of 23.1 dB, Fig. 9 ), but as Fig. 10 indicates it's only local. On sensor 2 we have average of −0.3 dB.
For the case with two actuators running, we have an average reduction of 18.9 dB on sensor 1, and 20.3 dB on sensor 2. Of course for some frequencies the results were worse than while using 1 channel, but it's probably a problem with control system optimization. It can be seen that for the first two frequencies the applied voltage is significantly higher than for the rest of them. That is because of the before mentioned damping. Even after the increase of voltage it can be seen that the response is still weaker. 
Conclusions
This work presents results of preliminary studies of active vibration control with the use of LabVIEW software. Tests were carried out for 1 and 2 piezoelectric actuators. Using 1 actuator local vibration reduction was observed (sensor 1), with (in most cases) no significant changes on second sensor. With 2 actuators significant reduction can be seen on both sensors. This way two local zones of reduction were obtained. Still there is shortage of information about global image of plate vibration. Therefore for future studies optical systems were considered for plate global vibration levels measurements.
At this stage presented system is capable of reducing plate vibration, considering that we are dealing with sinusoidal vibrations, not random signals. After some minor changes in the structure signals consisting of several sinuses could also be reduced. There are also problems with time that reduction takes.
After analyses and discussions with Nationals Instruments staff it was concluded, that there are two ways to deal with random signals. One way would be to limit frequency range to 100 Hz (quite difficult considering, that first significant response to excitation is observed at 110 Hz). The other would be to change computer Operating System (OS) from Windows to some Real Time system. 
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